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Abstract

Metallurgical factors influencing toughness of the Intercritically Reheated Coarse-Grained Heat
Affected Zone (ICCG HAZ) of multiple welded SA508- cl.3 Reactor Pressure Vessel Steel were
evaluated.

The recrystallized austenite formed along the prior austenite grain boundaries and lath interfaces
on heating to the intercritical range was transformed to bainite and/or martensite during cooling.
The newly formed martensite always included some retained austenite(M-A constituents). The
characteristics(amount, hardness, density, and size) of M-A constituents were found to be strongly
associated with both peak temperature and cooling time(At8/5(2)) of last pass.

Toughness in the ICCG HAZ was deteriorated with increasing amount of M-A constituents which
was increased with increasing the last peak temperature within the intercritical temperature
range. Meanwhile, for the same intercritical peak temperature, toughness was decreased with
increasing cooling time. When cooling time was short, the dominant factor influencing toughness of
the ICCG HAZ was amount of M-A constituents. However, when cooling time was lengthened, the
hardness difference between M-A constituents and softened matrix(tempered martensite) was
found to be the dominant factor.
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el S ShY,

AR = AR L7132 AHE-EH e SA508-
cl.3 ©dxA e, ©dx Fo QT MY, g3tz
& Table 13 Zth. AJlH F 7FA] FH=E A 23
3 A W8 1/4t9} 3/4t zonedA FH3c}. sub-
HAZ & % Charpy 2 A3d< 387 9@
Charpy blank A|#®1 3} CCT diagram® 24 sl7] 9
3 2= e AlHez 7Y, Fig. 12 7HE
HAEE RAF3 o
Table 1. Chemical compositions of material

(wt%)

Material | C| Si] P| S|Mn| Cr| Ni[Mo| V| Cuj Al
SA508-cL.3| 020 0.26] 0.007) 0.002| 1.34| 0.15| 0.86| 049 {0.005; 0.04 0.022

70

s —

10

10

a) Unnotched charpy blank specimen

6 T

b) Round-specimen

Fig. 1 The shape & dimensions of specimen
for thermal simulation
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2.2. Simulation & &ZZ{A

HAZ AP L YaE HAZE EAYHE FEY &
glofol 3} A, A;, 23T £FLEE 4 o]2 F
28 £ A 9. A% A; =& DTA

(Differential Thermal Analysis) 38| E o] &34
=3& 4 Qi)

DTA 2% 23, A; 2% 805.6T, Al &&=+
696.2ColAth. = AY @3} ¥wstr] HaA
Watt2d)Pd] sl Aitel A8k A2 242 789.5C,
698.4c°lAtt. DTA &3 Watt 2 & AL
% vl AT FEE AR E FolWen DTA &%
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atgl Zhzbe] $445 8 A3t Fl, F2, F3 2 S1
9] ICCG HAZE A3t HAZE simulation 3}
71 93 A= thermal/mechanical simulator$!
Gleeble Model & A3ttt A#E ICCG HAZY
st AFS FHAAEES AAI}ARL M-A
constituents®t 71} ¥&&E9 AFE W5 wat

FAFAT. FANIALEE 40TE Ao os

YR go 2% ( ( -50C)NAM FHAIEA 23] ¥
o M AA B3t wj S Fotr o] & #AFsY| JE
I F 2A¢ Holx(-30T)dAM=
scattering®] #4 9A] AASLE #E37] o7
o &| lower shelf energy(LSE) gkol &&= 7] Al
e 259 Aol EE AlojdlAM A S Hrtste A
o] 7} Edaly] wj ot} 0

3 A olg]] 91Ade] 71 ol grhE

data’

93le] Gleeble MA Ao st FarAm A,
SEM % TEM #Z& AAsdth 3g4dnA
£3 F4237 BFAqAE APHE 71AHoz Ant
& ¥ 3% nital2 FAAA 23& BFIUG.
SEM #2% $8te 5ml HCl, 1g picric acid, 95m!
alcohol® &33! Villela' s 4L o] &3l 3~4% &
ot AN A BFAoH NEEY A 9479 TR
Z zA1317) Q&) EDS 42 AAlst9

AE HAZ W &AF L2HUClEY £AE g2l
7] 98 X-ray A AdE Pstn, TEM #2E
slo] ZF LAEUolEE 44 FESAT AlH £
vl e 50m7tA Z|AHez dAng o
perchloric acid®} 95% acetic acid® E¥&dE
A8l -30CY 2=9 20~25V, 0.05~0.1A¢]
A, AFNA jet Artste] dtet ARG PET
JEOL-2009] TEM< °]&&ich. 37 exdvhol
EQ] ZA& SADPL g EA ST

3. A

3.1 2Xj &t

19"

ehU T

2Ae 23y arle & 20~50m F=Hew, 7
E& Hv 3403=2 &3 5A0h. Fig. 24 ZA9
TEM ## Z3E veplgitt. 2 dgd 28 3

ICCG HAZOl that 4¥d A% AL gstd  F3 F2T F 93 A= AA SSE= F55E
Gleeble s o] &8)A Wz E W3 (Table 2 FX) AEEES B0l 32 & 5 o &3E2 ‘}—O—Ed A
N713 dilatometer® AMgste] A W s TR E 3% o Lim o)z FA 437 Aol
o] CCT diagrame AA3t%th, g7 #Z=HUS. EDS A&< °]F particles°l Mn
' o] Ak ¥3td M3C #3189 A& Ho Fr}.
23 x7 M3 TEM A3 o2l@ A5 ERHo s&%-u u
W EAzHe du AR ool ER B &
B AN 4930 BE nAzHE BEAT] ol
Table 2. Thermal simulation conditions
' 1st pass(CGHAZ) 2nd pass(ICCGHAZ)
It Heating : Heating :

m rate. Tp,.© Ho.ldlng Atgssa, rate. Tpe.C Ho.ldlng %tg/5(2),

T/sec time sec T/sec time sec

F1 300 1350 . 5 20 65 780 15 vary

Charpy | F2 300 1350 5 20 58 715 15 vary

test F3 300 1350 5 20 50 650 15 vary

S1 300 1350 5 200 65 780 15 vary

.CCT ICCG, 300 1350 5 20 65 780 15 vary

diagram
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Fig. 2 Microstructure of base metal (TEM)
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7P @ 44 & veliE LBZY ICCG HAZS
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YERH AL Case F39 B$ Atese’t HoW 24
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Ategse] WE B-(FHS = 39(S1) 2571 <
AL & F 2o vEjA WA YEgm, o] F 2
49 AAzatels 2~3J24 A kot Sl 9
wokth, w3 99 A4E 2HAM AL Atesed T
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=

%1 4TS &+ Ut
&, Tp27t 245 AL %W Atgsn, &
teso’t A4S AL A 2 Aoz EMEYY
140
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120 e F31350-650C
[ wmedrers G101350-780 € dtes:200sec
100
BN
i I
O 60
40
20
O 11l
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Fig. 3 The Charphy test results with various
heat inputs, main-test(at-40T)

3.3 LBze| D|M|Z=2!

3.3.1 ICCG HAZ(case F1)2] n]4 =3
LBZ% ICCG HAZE #4357 9six= |A CG

206

A dart Aok webr Table 29 E A}
o] wat SA508-cl.3 < CG HAZS vlA|
ATt Atgs©] 202 (case F1, F2, F3)
CG HAZY "AzAL & nl2HAER D
Hv 550 ©]49 £& ZEE /A1 2 200~
400pme] %7] L2HUlE AAY AVE Ho F
At ®=3 o9} B Wy A8 AtesE 2003 (case
SHE =gA 43 & CG HAZE F2 HlolyolE =
A& 73 Hv 450 F =9 AEE 7N 1 27] 2
HuelE 244 Z7]= 400~1000tm A= e}
Wtk & =3 W4EEdM s 23l 439
AAH o2 BAErt et E A& geteidt.

Fig. 4 case Flel t3lA CCT diagram® A
gt Aot} agolA] B upe) ol APxd 25 WA
H7/HAlE 600C F-ZolA AlREHA L, wE Wd4Es

1400 [
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Fig. 4 CCT diagram for ICCG HAZ(case F1)
4t8/5(sec) : 4,20,50,60,75,100,300,500, 1000 sec

¢) dtys=100sec

Fig. 5 Optical microstructures of the ICCG

HAZ(case F1)
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dME HEZiA g FEALe|d WEjE ] skt o] §lof
EF2AAL & Ut 2 HEle F1 2 2%
7} B2 &7] g Fel ut2-AlE " E 3 FF
go] 23 wEbr] TR He)rt Lol g Hioj ol E
He| 2 A1Zste] o] 3 FA3% vi2HAOlE HHE &
t}. F1 279 1st passt CG HAZ 213 L3tz
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Fig. 6 Scanning electron micrographs of the
grain boundary 2nd phase in the ICCG
HAZ(case F1)

RERHREEE $174 B39%, 19994 6H

data scatterings Ho FA|TF gtz @At
9] high carbon regiono] FAHHAM A% 2 &
AL AY FolRT, o] AL Hx A 2
phasedl M= ARSI, 71A] 2R dwd
o8 A= Ast S BT AA AlEE
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FES, [RATTONE A

b) SAD pattern of A point

a) bright-field image

BEE, @51 B60E 438
0 caly
o @y
@
i) e—
T:ﬂ a3 m ?1 0.5 m ]

c) SADP of B point d) dark-field image of A point

Fig. 7 Transmissin electron micrographs of
the grain boundary 2nd phase in the
ICCG HAZ
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I oA T HAE AEE 23T A X
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% Ao)& Holn glon 59E hardd 2nd phase
o} AL Z softdt 712 29 interfacedlA] A
Zdrta 88 5 Aok wekA M-A Constituents
o F Ax BE, A7 5 E AT7dA AL ¥
Zhated o$ 8.3 QdAolt}.

M-A Bainite

a) Suppress volume
expansion

Fig. 8 Formation of M~A Constituents

3.4 ©1AM0| P&ke 0|X|= M-A Constituents2)
s ‘

3.4.1 M-A Constituents®} %

M-A Constituentst 1184 vl2EAl|ET} 4
ol F{F L2HUC|EZ} BAo2A ME QFsn
Re THAE F9 & 4 3Uvh. phase’}t ofHER
gdnBolv SEME EallAe £Eo] o]F1 M-A
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Er}. o]} 22 Rl oA wjo|Uo|EF} X3
A gL A4 ovle] M-A Constituents B £4
3l7le 2@ F8dn| A3 SEMAME #to]
7% 2nd phase (Wlo|UolE + niZ2HIAOlE +
A7 LaHUlE)E B9l M-A Constituentszh
3 Fosfor & a7t It

Case F2, F3, z18]a S1o] & CCT diagram=
At e EUAIR CG HAZ CCTS case F19
ICCG HAZE 1338 B¥ F2, F3, S19] vjAz3
T gGA A4 = g A 49 v 23 (Fig.
5,6)& £33l Fig. 9ol 283t} Fig. 9ol H
5o] CGHAZE £7] L2HUelE 2% Y A7) 200
~400¢m®] = viE”AllE(L.M) S} B8 27] &
2| E ZAY 27]7} 400~1000#mS! #lo]vhe]
EB)Y F FH/ AEHAG. o3 F FF/F
CGHAZZ F1, F2, F3, 283 S1e2 A3A3A
t}. Table 2014 B& wpe} Zo] F1, F2, 28l3 F3
£ 2nd € Aol Ee Ha =2 2zt dEn, Fig
S1e At8/5(1)< 2=l Aotk F1, F2, 181
F39 71A] 23L& g vl2ElAlo|EV} H#PE 7
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Fig. 9 Schematic configuration of micrographs
for each thermal conditions, F1, F2,
F3 and S1
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BANA LzE o ErF st n A3} wet
A 2R 2717 vl $ £ S19 Aol Flol vis) &
ZHUolES A 27t A7 el Az P4
He e2dHUelE A7t 24 3tk F, S19]
73T 2nd phased] 77t 22 g WEA] e 2HY
o]E7} 712 &2 2 decompose B W L 2AHUo]
ES 7R 23A9] interface W3] F1 A% Bt} &
7] W&ol decompose H& o] Zolr Aoz
%< 2nd phase(©]d M-A Constituents)”} Y&
Ue Aoz g 23 o7)A S19] 27] 2 4H
UelE A3y A7 F1 2o 2 AX QAASHY 9
Adojetz & 4 glty. M-A Constituentsd %e
Fig. 10914 E& w9} Zo] S1 ) F1 ) F2 ) F3 &
olt}, o] A& &3 Fig. 37 H|wste] & w) Qo] £
2 & #4071 3% M-A Constituents?] %ol
LS4 E QAo AFES ¢ 4 YUt

=T33
100 — T T T T T T
—A——A— Case 81, 1350—780'0 Atw 200sec 1
90F “O——0O- Case F1, 1350-780%, Aty =20sec
S0k Tk Case P2, 1350-7808, dt,=2sec |4
r Solld Total fraction of 2nd phase
70 _' . Open:Fraction of inter-Jath 2nd phase
60 ]
501

40
300
20
107

0

Fraction of 2nd phase, %

1 10 100 1000
10 Effect of 2nd cooling time and Tp2 on
the fraction of M-A constituents(2nd
phase)

Fig.

3.4.2 M-A Constituents®] 4%

AEE Fig. 1144 EE ZAAHE M-A
Constituents®| ZAx7} 712 23 g A3 =
A #2HAY. M-A Constituentsd A% A
t8/5(2)7t F71stAA ZAxe] Adte glu ot 271
e FEE B carbon 4t 2 AFE 9wy,
B2 A 22e] B 9y g3 osjA o
MY HAEE Holu 7|A] 23] softening®] ZHE
gu o, F AtyseZt FIF3R A M-A
Constituents®t 712 239 A& zjole & ZF7}
Z & 4 9tk M-A Constituents’t FAHA &
Tt F3 212 71 43d QS BYon AEE A
tesoll ZA FEFEA FUTh. A2 AHAH M-A
Constituents®} 71A| 239 Ax 27} F71d4-E
AA Fho] Astatcty B = gt

T3 F9 139 REE cleavageo| AT AAH YA
A T2 2 o] Eejso] ol AL B F U

209



62 A7 - PF - Fee - 02y

1100 " OBM F1 1100 pp— a1 ]
1000 F| X CoHAZ(d4=205e0 . 1000 [ CGHAZ(44=200se0) .
b |-w-Matrix | Matrix 1
900 |- [<-Lath boundary new phase ] 900 [|<>Lath boundary new phase ]
800 ] 8001 R
& : A L :
= 700 SIS G O A ALl G U G N
e . ; N
600 | : : . 600F : T
5004 E 500+ § i
300+ 4 300 B
.0 L 1 ] C | 1 I
1 10 100 1000 1 10 100 1000
Cooling time, 4 (log sec) ] Cooling time, fm(log sec)
[ T T T T LA | T/ T T TTITT Ty Ty
e 01 BM ‘ r2 1100- QggHAZ(AFZ sec) F3
1000f [ -5 CGHAZ(g4=20sec) o 1000F {-Optagriy ™ .
- Matrix
900}-|<> Lath boundary new phase A 900 b
800F . 800F ]
% 7000 : : 1 & 70 7
600L 14 B 600F 4
sool % ] s00- X ]
4001 1 4001 ]
300] §\§\§/§\§ ] 200k Q —0—0 |
= t 1 L 1
1 10 100 1000 1 10 100 1000

10 4
Cooling time. 4 (log s6c) Cooling time. 4 (log sec)

Fig. 11 Effect of 2nd cooling time and Tp. on the Vickers hardness of matrix and M-A
Constituents(2nd phase)

on o|AL A IHA AFE AR 2xHUolES W T AAE AMEE SA508-cl.349 BHE ©LHY
2elrlo|Eo] B3 2 (M-A Constituents) W& 02wt g dcd AF ;L M-A
olth, &, A%s}t vj$¢ & M-A Constituents?} 274 Constituents7} 243 &4 dFo] & AL ¢ F

(o]

AA Aol 9Aetn Ades Ass we 7R 2 YA AFY. =3 oY Hu =2 %71 7156T
2ol AANA 9% 22 Ao 4A Brt Dojd & case F29 &4 FE7l Floju S1 ¥op £2 A2
e E97)7F A o] ICCG HAZY A4-& A3A Fe-C B3AHYEN & & %] intercritical

7171 W&o}, 1P i6
3.4.3 M-A Constituents®) B3 1;1 1.231.22 o
ZAA¥A M-A Constituents®] 22§ &335t4 o S Lo 102 ® ! o
£ Al Y gae) B2 ANT 5 gk = ol ’/2‘:36;‘}?::9 7
| Co
C%=(H,.-15)/575 ) S 06] | ;
O.4j 2nd phase !
o] A4ta& Matsudas' el <& Atd Holxn 0.2r f _ |
HM-AE M-A° AEE 93l Vickers A&7 0.0 = - = :
M-A Constituents®] Z=8 58& 22} ol 83 Fig. 12 Carbon wt% of M-A Constituents
o AdsAn 208 S2FFE Fig. 1201 HeRd with thermal conditions

210 Journal of KWS, Vol. 17, No. 3, June, 1999



SAB08-cl.379) ICCG HAZS) 91430 u]X)= M-A Constituentse] &3 63

region el E £ 2% Hr} Be LxdA A2
A7e e2HUolES B o] rhe AL B

F1 3ot

3.4.4 M-A Constituentse] Z7]¢} ¥

M-A Constituents® Z7]7} ZAY island ¥&
¢} M-A Constituents7t 2% 8 Wi 49+ EX
i o] 5ol Qe S 7Avdn ¥
At HukdlE M-A Constituents®] 2717} ZAY
density7t 2 7% S8 713l g9 AZz}
Aozt Bk &o1& 4 U7l "&elh, a3y Fig.
1334 1491A4 B 2AAE AAe] mj$ Y F13} S1
o] A% M-A Constituents® ZAgL Aolstdn
o|EZt] oW FATAE gl Aoz #dddc).
S19] 5ol WAk St met densitys 7}
(Fig. 13)3tv 371 Z4a(Fig. 14)8991, F19
7% W2 density’} #4&(Fig. 13)3tx 2717} o
& F7HFig. 14)3tth. o124 F13} S1 Ateld] 4
ol A7t FAZ AL 27] L2HUolE AFY
A719 di/add FAE Atgtol A Yol JHer
2 F1& 718A 245710 L2 U0l EQ A

[543

g 20 T T T T =TT TT
i —A— Case S1. 1350-780T, dt,,,,~200sec
<, ~O— Case F1, 1350-780C, t,,,=20sec
v O Case F2I0-TIST ., =20sec
5] F 4
K& 15
<2 | :
= -
m?
Trd 101 1
Q.
-~ e
E<d T g 1
Gy
o
=
2
=
w
&
o]
A

0%

10 100 1000

Cooling time, dtyse (log, sec)

Fig. 13 Effect of 2nd cooling time and Tp. on
the density of inter-lath M-A
constituents

T T Ty T T
A Case 81, 1350-780'C, 4ty ,=200sec
~O— Case F1. 1350-780C, dtyy,=20sec J
—{3 Case F2. 1350-715%, At =20sec

-3
<

, um

fop]
<
T

e(M-A)

40

w
(=)
T

3]
L]
T

Size of 2nd phas

—
(]
T

Ly L PSS |

10 100 1000
Cooling time, dtgse (log, sec)

Fig. 14 Effect of 2nd cooling time and Tp: on
the size of M-A constituents

KESHEETE 174 B35, 19994 64

A2 7F BRI S1e A4 2kl BR] gol 23|
AZb 23EH 2 AACNA HAAG Hau, bebr F
AEWe densityZ} F7IH Hle Rolth. 23y
S1¥ F19] 94 Fole @2 Zasla glenz M-
A Constituents?] density<} 2719 9432 vf¢ A
AV F#sthe g 9wsta gt

4, 11 )

1]

SA508-cl.3 729 &3 sub-HAZO|A LBZL
ICCG HAZY . ICCG HAZE CG HAZE 7/e 2%
FHoE A7MEA FAEY CG HAZE 2Ug g
ul2eIA| ER FAH I ICCG HAZAA A2 A
He S2HUolEE 27 228 UolE AHYPA A
o|g} T o= FEE vlZEAlo|E #x AA A &
Aeta Aste AoZ AT HAE L AH
UolEx YZAHAA wo|o]ES niZdlAle]ER
W ste] nl2 Al E 2AHVo|EL AREE
534 FAHAE 2A Ha o] 27 XRD%
TEM #Z2 = 184 vf2dAlo]E HE)
Al vl2ElAlo] EE shear transformationd] <]3}7)
ol o] 233 Sle F vlEHIAO|EQ] Ale]d] m]d
B e2HUOEZ e A%, ©l9 shear
transformation®l 23] volume M o] dojt F
nl2 Al EF} uj¥e] @ AE|UolE9 volume FF
(%, vt2HAro]E WHe)E 98 3dle] shear
transformationdtA] %3t L AHUO|EZH AH
3HA H& Aol

ICCG HAZS 942 H1 &7} 5&52 Aslst
Red oAl Hu 257 FUkstE AN M-A
Constituents #e| F718t7] W&o|th. 28y Fig.
10904 BE AHY A1 e57t 3L A9dE M-
A Constituents®] #& WZA|zte] AoAXHA Z7}
striyt A FS Za o] F WAAIgte] o oA
Zadte AF%S e I}, &3 5938 H3u &
ZolM 9 A4 F2 Fig. 3014 B5o] WzA|7te] 2
AXNEA AL Agsied A& M-A
Constituents FHo2E Aio] Tdsln A= FA
# M-A Constituents®}t 712 23 9] A% 271 &7}
(712 22 9] softening)dhs Aoz ABd & 9},
5, ZHHAY vt2dAtelE gl x Ao AA7 M-
A Constituentse AE7} vj$ Hon Agdezm
't @ 7R AT AANA 397t 4A 4
o F de EAIE A= Aol Adtete A
o7 Atz gt}

211



64

17])\4 PR q} 3Z3 . 0]33g

54 E

nEo J&& 3t Fig. 159 FAIsIATH €
A2 gt g7z AMEEE SA508-cl.3 79 &
BEgAz] old el ICCG HAZE "HAI% pass
° A3 =¥ L= (Tp2)7t #&4 5% M-A
Constituents®] ol 7t A& A3sict. 3
#H H1 59 257 59 AFo, ¥AAH(A
t8/5(2))°] Z71&+5 A& Aststedl, ¥zt
o] #o¥ M-A Constituents® Z7W7F QA4 Aste
AW A QA AApe]m YA k] 7 A fellE 7R 23
9] softening® M-A Constituentsd] A= F7}el
o3 F A Ax A F7t AABY AHA
g9olgtn & 4 vk, IA At o M-A
Constituents®] densitys} Z719] 4% w5 2 A
v Fa#E o

M-A term Matrix softening term
i -
. 7~
M-A constituents ! -
f Pid
i 7\ Differences of
hardness

Adsolved energy
Fraction of M-A Constituents
Difference hardness

Tou%hness

Cooling time

Fig. 15 Effect of 2nd cooling time and Tp: on
the size of M-A Constituents

£ 7l
B ATE #er|efe] AT AL Alge 4
o= agﬂﬁiofq(Thls project has been

carried out under the Nuclear R&D Program
by MOST.), #AA o] &7 A =gt}

0

P

O
o

1. Stout. R. D and McGeady. L. J.
Metallurgical Factors in the Embrittlement
of Welded Plate, Weld. J., Res. Suppl.
26(11), 1981, 683~692

2. K. Amano, J. Kudo, N. Itakura and Y.
Nakano : Metallurgical and welding factors
controlling Local Brittle Zone in weld HAZ,

212

10.

. T. Toyooka and K. Terai :

.J. H. Kim and E. P. Yoon

.D. F. Watt, et al :

. D. A. Porter, K. E. Eastering :

. Okada H et al. :

.Okada H et al.

The 8th International Conference on
Offshore Mechanics and Arctic Engineering,
ar., 19~23, 1989
On the Effects of
Post Weld Heat Treatment, Welding
Research Supplement, June, 1973, 247~
254
Notch
Toughness and Microstructural Alterations
in the Unit Heat-Affected Zone of SA508-
cl.3 Reactor Pressure Vessel Steel, J. Kor.
Inst. Met. & Mater., Vol. 36, No. 8, 1998,
1328~1337
An algorithm for
modeling microstructural development in
weld heat affected zones, Acta Metall.,
36(11), 1988, 3029

. K. 8. Kweon, J. H. Kim, J. H. Hong, and

C. H. Lee : A study on the local brittle
zone in HAZ of SA508-cl.3 steel, Preprints
of the National Meeting of Spring 1998,
The Korean Welding Society, 1998, 133~
137

Phase
transformations in metals and alloys, 1981,
Van Nostrand Reinhold Co. Ltd., 425
Study of behavior of M-A
constituent and its effect on simulated HAZ
in single-pass and multi-pass welding
thermal cycles, QJ Jpn Weld Soc, 1994,
12(1), 12 6~131

Investigation of
metallographic properties of M-A
constituent, QJ Jpn Weld Soc, 1994, 12(2),
236~242

H. Okada, K. Ikeuchi, F. Matsuda, I.
Hrivnak and Z. Li : Metallographic
M-A

investigation of constituent

_ Deterioration and improvement of HAZ

11.

toughness in 780 and 980 MPa class HSLA
steels welded with high heat inputs (2nd
report), Welding international, 1994,
8(11), 886~892

J. Y. Koo and A. Ozekcin : in Conf. Proc,
on Welding Metallurgy of Structural Steels,

Journal of KWS, Vol. 17, No. 3, June, 1999



SA508-cl.37¢] ICCG HAZ9) 94 p]x+= M-A Constituentse] 93 65

Denver, Co, J. Y. Koo, ed. TMS-AIME,
Warrendale, PA, 1987, 119~135

12. T. Haze, S. Aihara, and H. Mabuchi : in
Proc. Int. Symp. of Accelerated Cooling of
Rolled Steel, G. E. Ruddle and A. F.
Crawley, eds., Pergamon Press, Oxford,
1987, 235~247

13. M. Koso, M. Miura, and Y. Ohmori : Met.

REEHRLET $174 $3H, 19994 6A

14.

technol., 1981, 482~487

1. Hrivnak, F. Matsuda, Z. Li, K. Ikeuchi
and H. Okada : Investigation of
metallography and behavior of M-A
constituent in Weld HAZ of HSLA steels,
Transaction of JWRI, Vol. 21, No.2, 1992,
101~110

213



